INTRODUCTION
Phosphorylation and dephosphorylation of sperm and seminal plasma proteins are regulated by the opposing activities of kinases and phosphatases (Visconti & Kopf, 1998; Urner & Sakkas, 2003) . Evidence has shown that changes in protein tyrosine phosphorylation are associated with sperm motility activation, hyperactivation, capacitation and fertilization (Naz, 1996; Kalab et al., 1998; Si & Okuno, 1999) . It is well known that anatomically developed seminal vesicle glands of the boar reproductive tract play a dominant secretory role. Boar seminal plasma is characterized by a high acid phosphatase activity (Mann & Lutwak-Mann, 1981) . Electrophoretic studies of boar seminal plasma showed the presence of four isoenzymes of acid phosphatase originating in the epididymal, prostatic and vesicular fluids (Wysocki & Strzeżek, 2000) . Boar protein tyrosine acid phosphatase (PTAP) isolated from the seminal vesicle fluid is a thermostable glycoprotein with a molecular mass of about 42 kDa. The enzyme showed high activity when phosphotyrosine and tyrosine-phosphorylated polypeptides were used as substrates (Wysocki & Strzeżek, 2003) . The purified boar epididymal form of acid phosphatase is a thermostable 50 kDa protein, with a pI value of 7.1. Isolated epididymal form of boar acid phosphatase exhibited lower affinity to phosphotyrosine compared with the vesicular form. The N-terminal amino-acid sequences of the boar epididymal acid phosphatase showed high homology with mouse, rat and human P. Wysocki and others prostatic acid phosphatases (Wysocki & Strzeżek, 2006) . However, both enzymes isolated from the boar reproductive tract are resistant to l(+)-tartaric acid, a selective inhibitor of human PAP.
Human prostatic acid phosphatase has been of significant medical interest ever since tests screening for serum PAP levels were successfully used to diagnose prostate cancer. The enzyme produced by the human prostate gland is found in the seminal plasma at high concentrations of nearly 1 mg/ml (Ostrowski & Kuciel, 1994) . The results of many examinations have shown that human PAP, as a phosphotyrosine phosphatase, plays an important role in signal transduction pathways and cancer development (Lin et al., 1998; Veeramani et al., 2005) .
The main objective of this study was to establish the nucleotide sequence of cDNA encoding PTAP isolated from boar seminal vesicle fluid. The secondary objective was to analyze the nucleotide and amino-acid sequences of boar PTAP and compare them with those of human PAP.
MATERIALS AND METHODS
Isolation of protein tyrosine acid phosphatase. Protein tyrosine acid phosphatase (PTAP) was isolated from boar seminal vesicle fluid as described by Wysocki and Strzeżek (2003) . Isolated protein, after chemical deglycosylation (Solar & Bahl, 1987) and electrotransfer on PVDF membrane (Millipore) , was sequenced at the BioCentrum (Kraków, Poland). Phenylthiohydantoin derivatives of amino acids were identified using a Procise 491 (Applied Biosystems, Foster City, CA, USA) automatic sequence analysis system and a standard protocol of the manufacturer.
RNA isolation and cDNA synthesis. Total RNA was isolated from boar seminal vesicles as described by Chomczynski and Sacchi (1987) . cDNA to boar seminal vesicle RNA was synthesized using the cDNA Synthesis system (Roche) and a standard protocol of the manufacturer.
PCR and cloning. In the first stage of this study degenerated primers were used, the sequences of which were designed on the basis of obtained Nterminal amino-acid sequence of boar PTAP. Primers designed on the basis of conserved nucleotide sequences occurring in genes coding for other phosphatases of mammalian semen were also used. The main sequence used in this study was a 110 bp fragment from exon 4 of the porcine acid phosphatase gene (van Poucke et al., 2001) .
Additionally, a modified gene amplification procedure was applied, which included ligation of synthetic oligonucleotides to the ends of cDNA and then amplification using primers complementary to the added oligonucleotide and conserved sequences from exon 4 of the porcine acid phosphatase gene.
The PCR reaction was performed in a buffer containing 20 mM Tris/HCl, 50 mM KCl, 2.5 mM MgCl 2 (pH 8.9), 0.02 mM of each dNTP, 50 pmol of each primer, 2 U of Taq polymerase (Stratagene) and 100 ng of cDNA as a template in the final volume of 50 µl. The reaction was performed for 25 cycles using an Eppendorf 5330 thermocycler. Each cycle consisted of 2 min at 95 o C, 30 s at 94 o C and 30 s at 55 o C. The amplified cDNA fragment was isolated by polyacrylamide gel electrophoresis as described previously (Dybczynski & Plucienniczak, 1988) , phosphorylated with phage T4 polynucleotide kinase and treated with the Klenow fragment of Escherichia coli DNA polymerase I in the presence of 1 mM dNTP to remove 3'-overhangs introduced by Taq DNA polymerase (Clark, 1988) . The obtained product was treated with phenol and chloroform/isoamyl alcohol mixture (24:1, v/v), ethanol precipitated, digested with HindIII and ligated to HindIII-digested pBS SK+ plasmid (Stratagene).
Recombinant plasmids were transferred into E. coli strain DH5α (Sambrook et al., 1989) . Bacterial cells were cultured on LB agar plates supplemented with 100 µg/ml ampicillin. After overnight incubation at 37 o C single bacterial colony was transferred to 100 ml of LB broth containing 100 µg/ml ampicillin and incubated overnight at 37 o C with shaking. The isolation of recombinant plasmids was performed by the alkaline lysis method (Birnboim & Doly, 1979) . Plasmids from several independent clones were sequenced using an ABI 373 sequencer and sequencing kit, as recommended by the manufacturer (Amersham). Database searches were performed using the National Institutes of Health EN-TREZ and BLAST software (Altshul et al., 1997) .
Amino-acid sequence analysis. Analysis of the deduced amino-acid sequence (isoelectric point, hydrophobicity) was performed with the CLCBio Protein Workbench computer software (CLC Bio). 
Homology of boar PTAP and human PAP
The method of Kyte and Doolittle (1982) was used for protein hydrophobicity determination.
RESULTS
The sequencing of isolated boar PTAP resulted in the determination of the N-terminal aminoacid sequence, which showed 92% homology with sequences of acid phosphatases isolated from human and rat prostates. However, in the case of the enzyme isolated from the boar seminal plasma, arginine (R) was found at position 4 instead of lysine (K), which occurs in the human and rat enzymes. Furthermore, boar PTAP showed only slightly lower homology with human lysosomal and testicular acid phosphatases fragments (Table 1) .
Using primers designed on the basis of the Nterminal amino-acid sequence it was not possible to obtain PCR products homologous to the sequences of other seminal acid phosphatases. This was probably due to the composition of the N-terminal amino-acid sequence. The designed primers were highly degenerated and insufficiently complementary to the cDNA sequence encoding boar PTAP.
Using the modified amplification procedure we obtained a 354 bp fragment. Its nucleotide sequence and the amino-acid sequence are shown in Fig. 1 . This fragment showed 90% identity with the sequence of human PAP ( Fig. 2A) . On the basis of this nucleotide sequence a 118 amino acid fragment of boar PTAP was predicted. This fragment showed 89% homology with the corresponding amino-acid sequence of human PAP (Fig. 2B ).
Q L T Q L G M E Q H Y E L G E Y I R 54 109 CAACTCACTCAGCTGGGCATGGAGCAACATTATGAACTTGGAGAATATATCAGG

K R Y E K F L N E S Y K H E Q V Y V 72 164 AAACGATATGAAAAATTCTTGAACGAGTCCTATAAACATGAACAGGTTTATGTT
R S T D I D R T L M S A M T D L
The differences in the amino-acid sequences did not result in changes in the hydropathy profiles of the analyzed polypeptides. In both polypeptides hydrophilic sequences were located in the 10-30 aa and 50-70 aa segments (Fig. 3) .
Despite numerous attempts it was not possible to determine the complete nucleotide sequence of the cDNA encoding boar PTAP. The obtained fragments did not exhibit homology with sequences of acid phosphatases that have been recently identified.
DISCUSSION
Human prostatic acid phosphatase hydrolyses a wide range of alkyl and aryl orthophosphate monoesters, including phosphotyrosine and nucleotides (Apostol et al., 1985) . In addition, human PAP has also been found to dephosphorylate phosphotyrosine residues in peptides and proteins. A molecular form of acid phosphatase with a high affinity for phosphotyrosine residues has also been isolated and characterized from boar seminal vesicle fluid (Wysocki & Strzeżek, 2003) . The human PAP cDNA encodes a 354-residue protein with a calculated molecular mass of 41 126 Da. In the 5' end, the cDNA codes for a signal peptide of 32 amino acids (Vihko et al., 1988) . In the case of boar PTAP cDNA isolated from seminal vesicles, the sequence encoding the signal peptide was not detected. The human PAP active site, which contains an essential H12 residue, is located in a large open cleft between two domains, thus enabling the enzyme to accept a wide variety of substrates. Residues R11, H12 and R15 are part of a sequence motif RHGXRXP, characteristic of acid phosphatases. In boar PTAP and human PAP the RHGDRSP motifs are present. These residues are part of a cluster of conserved amino acids in the center of the active site, consisting of residues of R11, H12, R15, R79, H257 and D258. Three putative asparagine-linked glycosylation sites were detected in the human PAP sequence: NES (residues 62-64), and NET (residues 301-303) (Vihko et al., 1988) . A potential N-glycosylation site (NES; residues 62-64) was also found in the analyzed domain of boar PTAP.
The human PAP monomer has been shown to contain three disulphide bonds between cysteines 129/340, 183/281 and 315/319 (van Etten et al., 1991) . Within the analyzed fragment of boar PTAP no cysteine was found. They are probably located in the further part of the molecule, similarly to the human PAP.
In diluted solutions, several active oligomeric PAP species exist, in a concentration-dependent dissociation/association equilibrium. At concentrations lower than 100 nM of human PAP the monomer prevails, whereas at higher concentrations active oligomers are formed (Luchter-Wasylewska et al., 2003) .
Our earlier studies indicated that boar PTAP exists in the active form as a monomer with a molecular mass of approx. 42 kDa and pI = 7.1 (Wysocki & Strzeżek, 2003) .
Within the analyzed amino-acid sequence of boar PTAP there is one more aspartic acid residue (D) compared with human PAP. On the other hand, a lower number of lysyl residues (K) (4 residues) was detected in comparison to the analogous fragment of human PAP (6 residues), and an identical number of arginines (R) (9 residues). These differences in the proportions of acidic and alkaline amino-acid residues result in different pI values calculated for the compared sequences (not shown). In the case of the boar PTAP fragment the pI value was found to be approx. 6.5, whereas it was approx. 8.5 for the corresponding human PAP fragment.
The analyzed fragments of human PAP and boar PTAP exhibit considerable homology, although the differences in the amino-acid composition result in divergent values of the isoelectric point. Moreover, boar PTAP is not sensitive to the inhibitory action of tartaric acid (Wysocki & Strzeżek, 2003) . 
Homology of boar PTAP and human PAP
Binding of l-(+)-tartrate ions to the active site of human PAP is due to the electrostatic interaction between the enzyme and the anionic ligand and extensive hydrogen bonding between the hydroxyl group of the tartrate ion and the enzyme molecule. Upon the inhibitor binding human PAP does not undergo a significant structural change. Minor changes occur in the active site arginine (R 11, 15, 79) and histidine (H 12, 257) residues (Bem & Ostrowski, 2001) . It seems that the lower isoelectric point of boar PTAP (at least of the fragment analyzed) does not provide sufficiently strong electrostatic interactions between the enzyme molecule and l-(+)-tartate ions within the active centre. This may possibly result in a lack of sensitivity of the enzyme isolated from the boar seminal vesicle fluid to the inhibitory action of tartrate.
Despite their similar amino-acid sequences, human PAP and boar PTAP exhibit different structural and kinetic characteristics (Wysocki & Strzeżek, 2003) . This is probably the effect of the different anatomical structure of the reproductive system and species-specific reproduction processes. It needs to be underlined that in the case of both species the dominant secretory accessory glands (human -prostate, boar -vesicle glands) are the sources of acid phosphatases which exhibit affinity for phosphotyrosine residues of proteins. In the case of human, prostatic acid phosphatase is secreted at high concentrations (approx. 1 mg/ml), which promotes the formation of the enzyme oligomeric structure. In contrast, in the boar, due to the large volume of the ejaculate and high activity of acid phosphatases in the epididymal fluid, the enzyme is secreted by the seminal vesicles at lower concentrations, which contributes to the formation of the monomer. Recent studies have indicated that PTAP plays a significant role in the regulation of tyrosine phosphorylation of proteins of boar spermatozoa, especially during cryopreservation (Wysocki et al., 2009) .
